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The content of SH- and SS-groups and the SH/SS ra t io  in prophase  (the per iod of " a s s e m b l y "  
of the mi to t ic  appara tus)  undergo different  changes in no rma l  and tumor  cel ls .  In no rma l  
cel ls  (human amnion) the number  of thiol groups shows a marked  inc rease ,  the content of 
SH-groups  being much g r e a t e r  than that of SS-groups .  In cel ls  of Ehr l i ch ' s  ca rc inoma ,  the 
concentra t ion of thiol groups  changes only sl ightly and the SH/SS ra t io  fal ls  by a l m o s t  half. 
In the cel ls  of an 8-day mal ignant  gl ioma,  the number  of thiol groups in prophase  i nc rea se s  
sharp ly ,  the SH/SS ra t io  approx imat ing  to 1, while in a 16-day tumor ,  in con t ras t  to other  
types of long-growing cel ls  in the body, this ra t io  r i s e s .  

One of the p rob l ems  in the physiology of mi tos i s  which has a t t r ac t ed  mos t  at tention is that of the 
chemica l  nature of the links betWeen cont rac t i le  p ro te ins  fo rming  the mi to t ic  appara tus .  The observa t ions  
of Mazia [11,12] show that " a s s e m b l y "  of the mi to t ic  appara tus  takes  place by the fo rmat ion  of disulfide 
br idges  between m a c r o m o l e c u l e s .  Our expe r imen t s  on a cul ture of human amnion cel ls  conf i rmed these  
views and showed that a f t e r  t r e a t m e n t  with thiol p repa ra t ions  (p -ch lo romercur ibenzoa te ,  cyste ine  hydro-  
chloride) delay in division occurs  in metaphase  and many  pathological  mi to ses  appea r ,  resul t ing  f rom dis -  
turbance  of fo rmat ion  of the mi to t ic  appa ra tus  and f r o m  abnormal i t i e s  of separa t ion  of the c h r o m o s o m e s  [3]. 

Fu r the r  observa t ions  showed that,  in cont ras t  to n o r m a l  ce l l s ,  p rocedures  d i rec ted  a t  the thiol mech-  
a n i s m  of mi tos i s  in t umor  cel ls  (p r imary  cul ture  of mal ignant  gl ioma and cells of the a sc i t e s  s t ra in  of 
Eh r l i ch ' s  carc inoma)  gave r i se  to a paradoxica l  effect .  The number  of pathological  m i to se s  and metaphase  
delay a f t e r  t r e a t m e n t  with thiol compounds not only were  not inc reased ,  but on the con t r a ry ,  we re  de- 
c r ea sed ,  leading to par t i a l  r e c o v e r y  of the n o r m a l  mitot ic  r eg ime  [2,4]. The resu l t s  of these expe r imen t s  
suggested that the thiol m e c h a n i s m  of a s s e m b l y  of the mi to t ic  appara tus  is dis turbed in tumor  cel ls ,  and 
that it is these d is turbances  which a r e  respons ib le  for  the appea rance  of pathological  mi to ses  typical  of 
t umor  cel ls .  

To tes t  this hypothes is ,  the p r e s en t  invest igat ion was c a r r i e d  out, with the object  of studying one of 
the mani fes ta t ions  of the thiol m e c h a n i s m  of a s s e m b l y  of the mi to t ic  appara tus :  changes in the number  of 
thiol groups in the p rophase  of mi tos i s  compared  with the i r  number  in the in terphase  of n o r m a l  and tumor  

cel ls .  

According to Maz ia ' s  hypothesis  [11,12], the a s s e m b l y  of the mitot ic  appara tus  consis ts  of the con- 
ve rs ion  of i n t r amolecu l a r  disulfide bonds into in termolecularo  Chemical ly  speaking,  this mechan i sm is ex-  
p r e s s e d  as cycl ic  changes (the "Rapkine cyc le"  [3,14]) in the content of sulfhydryl  groups in the course  of 
mi to s i s ,  r e c i p r o c a l  re la t ionships  between their  content in the prote ins  of the mi to t ic  appara tus  and pro te ins  
(polypeptides) of the t r i ch lo roace t i c  ex t r ac t s ,  and a lso  an inc rease  in the content of thio[ groups in p ro -  
phase  [11,12,16]. The i nc r ea s e  in the num be r  of SH-groups  in prophase ,  when a ~ e m b l y  of the mitot ic  ap-  
pa ra tus  takes place ,  has been studied not only b iochemica l ly ,  but a lso  by cy tochemica l  methods in sea u r -  
ch in ' s  eggs  [10], HeLa cel ls  [17], and lily pollen [15]. 
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Fig. 1. Concentration of thiol 
groups in interphase and prophase.  
From left to right:  amnion cells 
(1), cells of Ehr l ieh ' s  asc i tes  ca r -  
cinoma (2), cells of a p r im a ry  cul- 
ture of gl ioblastoma f rom tumors  
grown in vivo for 8 (3) and 16 (4) 
days. Unshaded columns r ep re -  
sent SH-groups,  shaded columns 
SS-groups. 

,f/f: 
3S 

~Z 
/ 5  

I 2  3 4  / 1 7 7 4  
Interphase Prophase 

Fig= 2o Ratio between concent ra-  
tions of SH- and SS-groups in in ter -  
phase and prophase.  Legend as in 
Fig, 1, 

EXPERIMENTAL METHOD 

Experiments were carried out on monolayer cultures of hu- 
man amnion cells and primary cultures of a malignant glioma 
(mouse glioblastoma, strain 51/11 of Yablonovskaya), and also on 
films of Ehrlich's ascites carcinoma ceils from mice~ The primary 
glioblastoma culture was obtained from tumors grown in vivo for 
only 8-10 days and also from tumors grown in vivo for 14-16 days. 
The 3-day cultures and films were fixed in 96 ~ alcohol or in Car- 
noy's fluid. To detect SH- and SS-groups, the reaction of Barrnett 
and Seligman [7] was carried out with 2,2'-dioxy-6,6'-dinaphthyldi- 
sulfide (DDD) followed by staining with Fast black (Fast black salt, 
99o1%, England)~ The content of SH- and SS-groups was detern~_ined 
quantitative ly by cytophotometry [8,9,17 ,I 8 ]. 

The cytophotometric measurements were made by a photo- 
electric method on a single-beam probe cytophotometer [1,5,6]. 
The d iameter  of the probe beam of light in the focal plane was 1 #. 
The optical density was determined as the logari thm of nontrans-  
parency in the ye l low-green region of the spec t rum (530 rap) f rom 

~0 
the formula E = log --~. Absorption spectra  of s t ruc tures  of differ-  

ent density were  f i rs t  obtained. These measurements  showed no 
changes in the spec t ra l  proper t ies  of the dye with an increase  in its 
concentrat ion,  so that it could be considered as a suitable dye for  
cytophotometryo The mean optical density of the cytoplasm was 
calculated f rom measuremen t  of the optical density of the cytoplasm 
of 50 interphase cells and 10 prophase cells f rom each of the ob- 
jects.  The dimensions of the s t ruc tures  were ignored,  because 
within the limits of each object the mean size of the cells was the 
same in specimens stained for SH- or SS-groups.  For  this reason~ 
within the limits of each object, the optical density of a par t icu lar  
s t ructure  ref lected changes not only in concentrat ion,  but a lso in 
absolute content of the dye. 

When determining the content of SS-groups,  appropria te  co r -  
rections had to be introduced for their true content. This was be- 
cause, in order  to detect disulfide groups in the specimen,  the SH- 
groups were f i r s t  blocked with monochloroacet ic  acid, and the SS- 

groups present were then converted into SH-groups by means of unithiol. Analysis of control specimens 
treated with monochloroacetic acid alone showed that a considerable number of SH-groups remained un- 
blocked. Further photometry of the combined reaction for sulfhydryl and disulfide (SH+SS) groups revealed 
that in all objects the same percentage of SH-groups remained unblocked, and this was allowed for during 
quantitative estimation of the SS-groups. 

E X P E R I M E N T A L  R E S U L T S  

The resul ts  of the measurements  showed (Fig. 1) that in the prophase of mitosis  of human amnion 
cel ls ,  as in other normal  cells,  there is a marked increase  in the concentrat ion of thiol groups~ In prophase,  
just as in interphase,  the concentrat ion of SH-groups remains  much higher than that of SS-groupso 

Different changes take place in the period of "assembly"  of the mitotic apparatus in tumor cells.  In 
the cells of Ehr l ieh ' s  carc inoma in prophase not only did the concentration of SH-groups not increase  but, 
on the cont ra ry ,  it actually fell slightly. The concentrat ion of SS-groups increased slightly, while the SH/ 
SS ratio fell by a lmos t  half. These changes were probably associa ted  with the oxidation and reduction of di- 
sulfide bonds during "assembly"  of the mitotic apparatus .  

In the cells of the malignant glioma, this mechanism showed changes of a different type. As in the 
amnion cells, the concentrat ion of SH-groups increased sharply.  However, unlike in the normal  cells,  this 
was accompanied by a smal le r  increase  in the concentrat ion of SS-groups and by a more  marked change in 
the SH/SS ratio.  
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Changes in the concent ra t ion  of thiol groups in the per iod of a s s e m b l y  of the mitot ic  appara tus  were  
not confined to an inc rease  in concentrat ion of SH-groups ,  but (contrary  to Mazia ' s  hypothesis)  the SH/SS 
ra t io  was a l so  changed. In amnion cel ls ,  this ra t io  (Fig~ 2) fell  during prophase  by more  than half. These  
changes a r e  probably  connected with the oxidation and reduct ion of disulfide bonds during a s s e m b l y  of the 
mitot ic  appara tus .  In tumor  cel ls  in p rophase  the ra t io  between the concentra t ion of thiol groups a lso  fell ,  
but in the mal ignant  g l ioma grown in vivo for  8 days the changes in concentrat ion of thiol groups were  so 
g r ea t  that the i r  ra t io  came close to 1. in the cel ls  of a gl ioma grown in vivo for  a long per iod,  in con t ras t  
to other  types of cel ls ,  the SH/SS ra t io  was not dec reased  but, on the con t ra ry ,  increased .  

The resu l t s  of m e a s u r e m e n t s  of the concentrat ion of thiol groups in the per iod of a s s e m b l y  of the m i -  
totic appara tus  thus showed that the concentra t ion of SH- and SS-groups undergoes  different  changes in nor -  
mal  and tumor  cel ls .  It may  be postulated that these changes re f l ec t  d is turbances  of the no rma l  thiol m e c h -  
an i sm of a s s e m b l y  of the mi to t ic  appara tus  in tumor  cel ls .  Together  with previous  expe r imen ta l  r e su l t s  
[3,4], these observa t ions  help to connect  the appearance  of pathological  mi to ses  in tumor  cel ls  with changes 
in the thiol m e c h a n i s m  of a s s e m b l y  of the mi to t ic  appara tus .  
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